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Lingonberry (Vaccinium vitis-idaea L.) is a health-promoting small fruit crop rich in antioxidant metabolites that helps to

reduce the incidence of degenerative diseases. Being heterozygous, lingonberries cannot preserve genetic characteristics

through seed propagation. Conventional vegetative propagation, although it produces true-to-type plants, is not

economically viable. In vitro propagation can multiply plants much faster than conventional methods. A liquid cultures

system under a bioreactor micropropagation system is of significant importance to increase the multiplication rates of in

vitro-produced shoots. Enhanced vegetative growth and variation in biochemical constituents are observed in

micropropagated plants. Clonal fidelity, although it may be a serious problem for commercial micropropagation, can be

verified efficiently by molecular markers.
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1. Introduction

Lingonberries (Vaccinium vitis-idaea L.; family Ericaceae) are evergreen dwarf, rhizomatous, circumboreal woody shrubs

. They grow on heath areas on rocky places and dry peat soils and are economically important berry species to northern

regions of the world . There are many common names of lingonberries depending on regional nomenclature, such as

partridgeberry or redberry in Newfoundland and Labrador; foxberry in Nova Scotia of Canada; airelle rouge in France,

tytlebaer in Germany; puolukka in Finland; cowberry in Britain; kokemomo in Japan; and rock, mountain, dry ground or

low bush cranberries and linberry in other parts of Canada and Alaska . Throughout history, it has been grown as a

fruit crop, a medicinal plant and a landscape ornamental ground cover . The fruits can be consumed raw or used in

juices, wines, pastries, jams, jellies, ice creams, cocktails and desserts .

Lingonberries gain significant importance in human diet for their rich source of vitamin C, omega-3 fatty acids,

polyphenols and high antioxidant contents conferring health benefits. In lingonberries, 63–71% of the total phenolic

contents are proanthocyanidins , which can defend against plant pathogens . Flavonoids, phenolic acids, lignans and

complex phenolic polymers (polymeric tannins) are the chemical substituents present in lingonberries and are richer

sources of flavanols than many vegetables and fruits that are commonly used . Lingonberry flavanols show

antioxidative, anti- inflammatory, antibacterial, antiviral, antitumor, antifungal and vasoprotective activities .

Anthocyanins, which contribute to the red color of lingonberries, are one of the valuable phytochemicals showing

protective effects against damage caused by radiation . More than 116 anthocyanin and flavonoid compounds were

isolated and identified primarily from lingonberry fruits or leaves . Cyanidin-3-galactoside, cyanidin-3-arabinoside

and cyanidin-3-glucoside are the three main anthocyanins in lingonberry . Jin et al.  obtained 4.12 ± 0.18 mg

g  of anthocyanins in lingonberry pomace, with 3.36 ± 0.14 mg g  of cyanidin-3-galactoside, 0.15 ± 0.01 mg g  of

cyanidin-3-glucoside and 0.61 ± 0.03 mg g  of cyanidin-3-arabinoside. Lingonberry leaves and fruits are used to reduce

cholesterol levels and treat kidney and bladder infections, stomach disorders and rheumatic diseases . Lingonberry

has highest content of resveratrol which are strong antioxidants with cancer chemopreventive activities , and they even

help to reduce the threat of heart disease . Lingonberry juice is helpful in protecting against urinary tract infection

, and it possesses anti-inflammatory effects that protect the kidneys from ischemic-reperfusion injury . Dietary

supplementation with lingonberry reduces high-fat diet-induced inflammatory response and prevents kidney injury .

Lingonberry products, together with cranberry products, are well known as natural remedies for the treatment of urinary

tract infections . While the leaves of lingonberry have diuretic and urinary anti-septic properties, mainly related to their

high content of tannins, arbutin (hydroquinone-ß-D-glucopyranoside) and arbutin derivatives .

Though the promising health benefits of lingonberries have inspired efforts to develop and magnify their commercial

production , increasing their production throughout North America remains a challenge. Lingonberries are

categorized under minor berries like black (Ribes nigrum L.) and red currants (R. rubrum L.), chokeberries (Prunus
virginiana L.), cloudberries (Rubus chamaemorus L.), elderberries (Sambucus nigra L.) and gooseberries (R. uva-
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crispa L.) , and are not immediately available in the marketplace as blueberries (V. corymbosum L., V. angustifolium L.,

etc.) or cranberries (V. macrocarpon L.) are. Although lingonberries are native to the Canadian Pacific Northwest and

northeastern Canada, they are not cultivated far and wide. Lingonberry is harvested mainly from native stands, but its high

demands for industrial processing have led to the development of cultivars for commercial production. Currently,

researchers at St. John’s Research and Development Centre of Agriculture and Agri-Food Canada in St. John’s,

Newfoundland and Labrador, Canada, are developing high quality hybrids between European and Canadian lingonberries

. At present, commercial cultivation with European cultivars is available in small scale in Europe and North America, and

most of the annual lingonberry harvest is from native stands . In Newfoundland of Newfoundland and Labrador province

Canada, lingonberries are grown in the wild, where 96,501 kg per year are commercially harvested . The average yield

of wild lingonberry was from 1900 to 3100 kg ha  over two growing seasons, 2011 and 2012, in Southern Labrador,

Canada , and this is a relatively new endeavor in North America.

Being genetically heterozygous, it is not desirable to reproduce lingonberries from seeds because of the loss of their

original form. Though propagation by vegetative means can conserve genetic integrity in lingonberries, conventional

vegetative propagation is not economically feasible due to slow rhizome development and the fact that plants propagated

by stem cuttings have brief life spans . Micropropagated plants can proliferate more rapidly than conventional methods.

Micropropagation is used for the speedy establishment of plants and for early fruit production . Lingonberry plants

raised through micropropagation were superior to those obtained by stem cuttings for fruit yield, rhizome production and

vigor . 

2. Taxonomy and Distribution

Lingonberries belong to the genus Vaccinium L. of subfamily Vaccinioideae in family Ericaceae, which contains about

4250 species in 124 genera . The plants are dwarf and consist of a tap root system with rootlets. Adventitious roots are

grown along the nodes of the stems and rhizomes. The flowers are small and light pink, with the inferior ovary producing

dark red globose berries. Flowering occurs at the beginning of June and fruit matures at the end of August or the

beginning of September. The fruits have an acidic taste (pH of 2.5) and contain tanins (7–21 mg g  fresh weight),

anthocyanins (1–27 mg g  fresh weight) and total sugars (around 6%) . The total rhizomes account for 80% of the

total plant biomass . Lingonberry plants are perennial eudicots, an evergreen shrub that extends from artic to north

temperate regions in Eurasia and North America. They are categorized into two subspecies: ssp. vitis-idaea L. and

ssp. minus (Lodd) . Plant size is the main difference between the two subspecies, with ssp. minus being considerably

smaller in height and leaf size (Figure 1, Table 1).

Figure 1. Greenhouse grown lingonberry plants. (a) Vaccinium vitis-idaea ssp. minus; (b) V. vitis-idaea ssp. vitis-idaea.

Table 1. Differences between the two subspecies of Vaccinium vitis-idaea.

Character V. vitis-idaea Ssp. Minus V. vitis-idaea Ssp. vitis-idaea

Variety North American European

Race Small arctic Large low land

Distribution Iceland, Greenland, North America, northern Asia, Scandinavia Europe, Asia

Plant height Generally up to 20 cm Exceeds 30 cm

Leaf size  (Welsh 1974) Length: 1.0 cm; width: 0.5 cm Length: 2.5 cm; width: 1.0 cm

Crop per year One crop Two crops
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3. Liquid Culture for Bioreactor Micropropagation

Although conventionally micropropagation is carried out on a semi-solid medium, the use of liquid medium is more

efficient for large-scale micropropagation . Liquid media are more advantageous than semi-solid in many plant species

as they can enhance in vitro shoot proliferation, regeneration, somatic embryogenesis, rooting, culture growth,

developmental process and micro-tuberization . In liquid culture systems, the tissue is always in contact with the

medium, stimulating the uptake of nutrients and phytohormones, which in turn leads to the uniform culturing of shoots and

provides more rapid growth, yielding larger flesh and dry weight . In the beginning, liquid culture medium was used to

produce somatic embryos, microtubers and organ cultures in vitro both in agitated and non-agitated vessels and in

bioreactors . The continuous shaking of the liquid medium is known to provide aeration to the cultures, and this

promote a larger growth and multiplication rate of the shoots . The amount of sugars, inorganic ions and

phytohormones present in the liquid medium shows a greater direct impact on in vitro shoot growth than on those grown

on agar . Agar medium contains inorganic impurities and limits diffusion rates . In liquid media, explants can be

cultured in partial immersion (temporary immersion), where gaseous exchange is not hindered and explants can use

nutrients efficiently . However, vitrification can be observed in in vitro-raised shoots as they are generally very sensitive

to liquid media. This leads to the poor survival of tissue culture plants when they are transferred to ex vitro conditions. In

vitro-derived plants are susceptible to environmental stress when grown ex vitro . This is because of the absence of

agar concentration in the culture medium causing vitrification in the tissues . Hyper-hydricity has been

proposed to define hyper-hydric malformations affecting in vitro-derived shoots in culture . The phenomenon was

previously known and described under the term vitrification . Translucency, glassiness, vitrescence and glauciness are

other less-used terms for this physiological disorder . Vitreous, vitrified or hyper-hydric shoots look turgid with a watery

surface and are hypo-lignified. The problems of hyper-hydricity can be avoided by exposing the explant alternately to

liquid and air in the vessel. Further, liquid culture systems offer the renewal of media without changing containers, as the

ease of container cleaning may alter the culture period. Moreover, conventional micropropagation techniques are limited

due to high cost of production at the industrial level. Liquid culture systems are helpful in overcoming this limitation due to

cost reduction, as they can be less labor intensive and require less time for sub-culturing. Other advantages of liquid

media include the easy replenishment of culture media, escaping or minimizing the numbers of subcultures and reducing

the unit cost, as gelling agent is not needed as an addition in the media .

3.1. Bioreactors

Bioreactors for in vitro culture range from 0.5–500 L in size and can be a jelly jar or a reformed microbial fermenter.

Bioreactors are vessels widely used for the culture of organisms, including plants, cells and microbes to produce cells or

metabolites . Bioreactor technology is also applicable to plant propagation. The application for plant propagation

using the shake culture technique was initially reported in Begonia by Takayama and Misawa . Thereafter, the

technique has been used in many plant species . Bioreactor micropropagation consists of culturing explants in

liquid media with forced aeration, leading to the formation and multiplication of propagules including plantlets, microtubers,

microcorms or bulblets. The major advantages of bioreactor micropropagation include :

The easy production and scale-up of a large number of plantlets in the minimum time.

Easy culture handling (inoculation and harvesting) with a reduced labor cost.

The close contact of explants in liquid cultures, allowing the quick uptake of nutrients for rapid growth.

Sufficient oxygen supply due to forced aeration for improved growth rate and multiplication.

The movement of cultures in bioreactors, resulting in the removal of apical dominance and rapid shoot proliferation and

plantlet formation.

Bioreactors used for micropropagation can culture explants in continuously submerged conditions or can be immersed

partially or temporarily in the medium. There are many types of bioreactors used in plant biotechnology; few have been

provided with light conditions for culturing explants . Some other bioreactors have been fitted with pipes through which

light was emitted . Bioreactors used for in vitro propagation can be mechanically or pneumatically agitated, non-

agitated or temporary immersion types . The utility of a bioreactor depends on its cost-effectiveness and convenience

of operation along with maintaining the culture quality. Temporary immersion (TIB) and stationary bioreactors (SB) have

been used for the in vitro culture of lingonberries .

3.1.1. Temporary Immersion Bioreactor (TIB)
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Various TIB types are available, where the design is chosen based on the requirement of the specific plant culture

sensitivity to hyperhydricity and culture costs . The TIB system is very useful for semi-automated in vitro

propagation. It helps in controlling contamination, adequately supplying oxygen and nutrients and mixing. It requires less

frequent sub-culturing, and it has the benefits of ease of medium changes and limited damage due to shearing. The

RITA  (recipient for automated temporary immersion)  is a kind of TIB that consists of two compartments (Figure 2).

While the upper compartment holds the explants, the liquid culture medium is kept in the lower compartment. They are

joined together and the medium is lifted into the upper chamber via the application of overpressure to the lower chamber.

The liquid medium drops to the lower chamber when the overpressure falls. Details of the system for mass

micropropagation have been reviewed elsewhere . Most reports claimed better multiplication rates in TIBs than

on semi-solid media, although few observed no differences . In the lingonberry, Arigundam et al.  reported the

in vitro shoot proliferation of wild V. vitis-idaea ssp. minus clones in SB and TIB systems containing a liquid medium with

9.1 μM zeatin or 1.8 μM TDZ. The shoot proliferation was 2–3 times less on a semi-solid medium than in a liquid medium,

although 10–25% of hyperhydric shoots were observed in bioreactors. However, the rooting of these shoots was not

affected, as most of the bioreactor-cultured microshoots rooted in a peat—a perlite medium with 90–95% survivability

under greenhouse conditions . This indicated that in lingonberry, the hyperhydricity was reversible, confirming the

previous report with strawberry .

Figure 2. In vitro culture of lingonberry in a recipient for automated temporary immersion (RITA) bioreactor.

3.1.2. Stationary Bioreactor (SB)

Stationary bioreactor is an effective system for the in vitro culture of lingonberries . The Growtek is a low-cost SB

system that has been designed, patented and commercialized for in vitro propagation . The system is suitable for the

increased proliferation rates of shoots. It saves time for incubation, minimizes contamination and helps in transferring

plantlets, easily avoiding root injury. It has been applied for in vitro seed germination, molecular pharming, secondary

metabolite production, culturing solid-state fungi and bioremediation. The SB contains a rotating and floating explant

holder and a side tube that can be used for changing medium, feeding culture and monitoring contents (Figure 3).

Compared to agar-gelled and liquid media using other culture vessels, Dey  reported that the Growtek SB bioreactor

produced 1.2–23.3 times more shoots with reduced root injury (32–48%), contamination (12–18%) and incubation time

(16–42%). Similar results were also reported in lingonberries by Arigundam et al. , where shoot multiplication was much

less on a semi-solid medium than in SB or TIB with a liquid medium. The healthier shoots can be obtained in a Growtek

vessel due to the presence of a more appropriate vapor/gas phase inside the vessel. Growtek can be used both in static

and agitated conditions and covers the qualities of both liquid and gelled media systems. The unique combination of these

features can be effectively used for the biosynthesis of secondary metabolites in hairy roots and for in vitro propagation,

including somatic embryogenesis . In the Growtek system, the higher thread rim depth helps improve the suitable gas

exchange, thereby causing better shoot and root growth and vigor.
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Figure 3. In vitro culture of lingonberry in a Growtek vessel.

References

1. Luby, J.J.; Ballington, J.R.; Draper, A.D.; Pliszka, K.; Austin, M.E. Blueberries and cranberries (Vaccinium). Acta Hortic.
1991, 290, 391–456.

2. Nestby, R.; Hykkerud, A.L.; Martinussen, I. Review of botanical characterization, growth preferences, climatic
adaptation and human health effects of Ericaceae and Empetraceae wild dwarf shrub berries in boreal, alpine and
arctic areas. J. Berry Res. 2019, 9, 515–547.

3. Debnath, S.C.; Keske, C. Technological advances in the propagation and improvement of Newfoundland and Labrador
berries. In Growing a Sustainable Food System for Newfoundland and Labrador; Keske, C., Ed.; ISER Books, Food
Futures; Memorial University: St. John’s, NL, Canada, 2018; pp. 381–409.

4. Vander Kloet, S.P. The Genus Vaccinium in North America; Agriculture Canada Publications 1828: Ottawa, ON,
Canada, 1988; p. 201.

5. Penhallegon, R. Lingonberry production guide for the Pacific Northwest. Oregon State Univ. Extn. Serv. Publ. PNW
583-E. 2006, p. 12. Available online: (accessed on 1 May 2020).

6. Jun, W.; Dierking, S.; Beerenobst, W. European Vaccinium species. Acta Hortic. 1993, 241, 299–304.

7. Launert, E. Edible and Medicinal Plants of Britain and North Europe; Hamlyn: London, UK, 1981; p. 194.

8. Jin, Y.; Liu, Z.; Liu, D.; Shi, G.; Liu, D.; Yang, Y.; Gu, H.; Yang, L.; Zhou, Z. Natural antioxidant of rosemary extract used
as an additive in the ultrasound-assisted extraction of anthocyanins from lingonberry (Vaccinium vitis-idaea L.) pomace.
Ind. Crop. Prod. 2019, 138, 111425.

9. Petri, K.; Liisa, N.; Riitta, P.; Benita, W.; Tiina, L.; Jukka, W.; Eeva, M.; Marina, H. Lingonberry (Vaccinium vitis-idaea)
and European cranberry (Vaccinium microcarpon) proanthocyanidins: Isolation, identification, and bioactivities. J. Agric.
Food Chem. 2011, 59, 3373–3384.

10. Burdulis, D.; Äarkinas, A.; Jasutien, I.; Stackevi, E.; Nikolajevas, L.; Janulis, V. Comparative study of anthocyanin
composition, antimicrobial and antioxidant activity in bilberry (Vaccinium myrtillus L.) and blueberry (Vaccinium
corymbosum L.) fruits. Acta Pol. Pharm. 2009, 66, 399–408.

11. Puupponen-pimiä, R.; Nohynek, L.; Alakomi, H.L.; Oksman-Caldentey, K.M. Bioactive berry compounds—Novel tools
against human pathogens. Appl. Microbiol. Biotechnol. 2005, 67, 8–18.

12. Negi, P.S. Plant extracts for the control of bacterial growth: Efficacy, stability and safety issues for food application. Int.
J. Food Microbiol. 2012, 156, 7–17.



13. Su, Z. Anthocyanins and flavonoids of Vaccinium L. Pharm Crop. 2012, 3, 7–37.

14. Fan, Z.L.; Wang, Z.Y.; Zuo, L.L.; Tian, S.Q. Protective Effect of anthocyanins from lingonberry on radiation-induced
damages. Int. J. Environ. Res. Public Health 2012, 9, 4732–4743.

15. Kalt, W.; Mackinnon, S.; McDonald, J.; Vinqvist, M.; Craft, C.; Howell, A. Phenolics of Vaccinium berries and other fruit
crops. J. Sci. Food Agric. 2008, 88, 68–76.

16. Dudonné, S.; Dubé, P.; Anhê, F.F.; Pilon, G.; Marette, A.; Lemire, M.; Harris, C.; Dewailly, E.; Desjardins, Y.
Comprehensive analysis of phenolic compounds and abscisic acid profiles of twelve native Canadian berries. J. Food
Compos. Anal. 2015, 44, 214–224.

17. Isaak, C.K.; Petkau, J.C.; O, K.; Debnath, S.C.; Siow, Y.L. Manitoba lingonberry (Vaccinium vitis-idaea) bioactivities in
ischemia-reperfusion injury. J. Agric. Food Chem. 2015, 63, 5660–5669.

18. Lee, J.; Finn, C.E. Lingonberry (Vaccinium vitis-idaea L.) grown in the Pacific Northwest of North America: Anthocyanin
and free amino acid composition. J. Funct. Foods 2012, 4, 213–218.

19. Novelli, S. Developments in berry production and use. Agric. Agri-Food Can. 2003, 21, 16.

20. Rimando, A.M.; Kalt, W.; Magee, J.B.; Dewey, J.; Ballington, J.R. Resveratrol, pterostilbene, and piceatannol in
Vaccinium berries. J. Agric. Food Chem. 2004, 52, 4713–4719.

21. Bomser, J.; Madhavi, D.L.; Singletary, K.; Smith, M.A. In vitro anticancer activity of fruit extracts from Vaccinium
species. Planta Med. 1996, 62, 212–216.

22. Wang, S.Y.; Feng, R.; Bowman, L.; Penhallegon, R.; Ding, M.; Lu, Y. Antioxidant activity in lingonberries (Vaccinium
vitis-idaea L.) and its mitogen activated protein kinases activation. J. Agric. Food Chem. 2005, 53, 3156–3166.

23. Ieri, F.; Martini, S.; Innocenti, M.; Mulinacci, N. Phenolic distribution in liquid preparations of Vaccinium myrtillus L. and
Vaccinium vitis idaea L. Phytochem. Anal. 2013, 24, 467–475.

24. Isaak, C.K.; Wang, P.; Prashar, S.; O, K.; Brown, D.C.W.; Debnath, S.C.; Siow, Y.L. Supplementing diet with Manitoba
lingonberry juice reduces kidney ischemia-reperfusion injury. J. Sci. Food Agric. 2017, 97, 3065–3076.

25. Kowalska, K.; Olejnik, A.; Wasielica, J.Z.; Olkowicz, M. Inhibitory effects of lingonberry (Vaccinium vitis-idaea L.) fruit
extract on obesity-induced inflammation in 3T3-L1 adipocytes and RAW 264.7 macrophages. J. Funct. Foods 2019,
371–380.

26. Peron, G.; Sut, S.; Pellizzaro, A.; Brun, P.; Voinovich, D.; Castagliuolo, I.; Dall’Acqua, S. The antiadhesive activity of
cranberry phytocomplex studied by metabolomics: Intestinal PAC-A metabolites but not intact PAC-A are identified as
markers in active urines against uropathogenic Escherichia coli. Fitoterapia 2017, 122, 67–75.

27. Finn, C.E.; Mackey, T. Growth, yield, and fruit quality of 10 lingonberry (Vaccinium vitis-idaea) cultivars and selections
in the Pacific Northwest, USA. Acta Hortic. 2006, 715, 289–294.

28. Lee, J.; Finn, C.E. Anthocyanins and other polyphenolics in American elderberry (Sambucus canadensis) and
European elderberry (S. nigra) cultivars. J. Sci. Food Agric. 2007, 87, 2665–2675.

29. Hjalmarsson, I.; Ortiz, R. Lingonberry: Botany and horticulture. Hortic. Rev. 2001, 27, 79–123.

30. Heidenreich, C. The Lowdown on Lingonberries. New York Berry News. Volume 9. 19 June 2010. Available online:
(accessed on 20 April 2020).

31. Li, J. Fruit Yield and Composition of Native Fruits, Partridgeberry (Vaccinium vitis-idaea L.) and Bakeapple (Rubus
chamaemorus L.). Master’s Thesis, Dalhousie University, Halifax, NS, Canada, 2013; p. 109. Available online:
(accessed on 1 January 2020).

32. Holloway, P.S. Rooting of lingonberry, Vaccinium vitis-idaea, stem cuttings. Plant Propag. 1985, 31, 7–9.

33. Debnath, S.C. A two-step procedure for adventitious shoot regeneration from in vitro-derived lingonberry leaves: Shoot
induction with TDZ and shoot elongation using zeatin. HortScience 2005, 40, 189–192.

34. Debnath, S.C. Influence of propagation method and indole-3-butyric acid on growth and development of in vitro and ex
vitro-derived lingonberry plants. Can. J. Plant Sci. 2006, 86, 235–243.

35. Debnath, S.C. Inter simple sequence repeat (ISSR) to assess genetic diversity within a collection of wild lingonberry
(Vaccinium vitis-idaea L.) clones. Can. J. Plant Sci. 2007, 87, 337–344.

36. Gustavsson, B.A.; Stanys, V. Field performance of ‘Sanna’ lingonberry derived by micropropagation vs. stem cuttings.
HortScience 2000, 35, 742–744.

37. Debnath, S.C. Micropropagation of lingonberry: Influence of genotype, explant orientation, and overcoming TDZ-
induced inhibition of shoot elongation using zeatin. HortScience 2005, 40, 185–188.



38. Christenhusz, M.J.M. The number of known plants species in the word and its annual increase. Phytotaxa 2016, 261,
201–217.

39. Hall, I.V.; Shay, J.M. The biological flora of Canada. 3. Vaccinium vitis-idaea L. var. minus Lodd. Supplementary
Account. Can. Field-Nat. 1981, 95, 434–464.

40. Holloway, P.S. Studies on Vegetative and Reproductive Growth of Lingonberry (Vaccinium vitis-idaea L.). Ph.D. Thesis,
University of Minnesota, Minneapolis, MN, USA, 1981.

41. Hultén, E. On the races in the Scandinavian flora. Svensk Botanisk Tidskrift Bd. 1949, 43, 383–406.

42. Fernald, M.L. Gray’s Manual of Botany, 8th ed.; D. Van Nostrand, Co.: New York, NY, USA, 1970; p. 1632.

43. Hultén, E. The Circumpolar Plants II. Dicotyledons; Almqvist and Wiksell: Stockholm, Sweden, 1970.

44. Hultén, E. Atlas of the Distribution of Vascular Plants in NW Europe, 2nd ed.; Generalstabens litografiska anstalts
förlag: Stockholm, Sweden, 1971.

45. Welsh, S.L. Anderson’s Flora of Alaska and Adjacent Parts of Canada; Brigham Young University Press: Provo, UT,
USA, 1974.

46. Etienne, H.; Berthouly, M. Temporary immersion systems in plant micropropagation. Plant Cell Tissue Org. Cult. 2002,
69, 215–231.

47. Ascough, G.D.; Fennel, C.W. The regulation of plant growth and development in liquid culture. S. Afr. J. Bot. 2004, 70,
181–190.

48. Hvoslef-Eide, A.K.; Preil, W. Liquid Culture Systems for In Vitro Plant Propagation; Springer: Dordrecht, The
Netherlands, 2005.

49. Pullman, G.S.; Johnson, S.; Bucalo, K. Douglas fir embryogenic tissue initiation. Plant Cell Tissue Org. Cult. 2009, 96,
75–84.

50. Adelberg, J. Agitated, thin-films of liquid media for efficient micropropagation. In Engineering for Plant Tissue Culture,
Frontiers of Biotechnology; Dutta Gupta, S., Ibaraki, Y., Eds.; Springer: Heidleburg, Germany, 2006; Volume 6, pp.
101–117.

51. Smart, N.J.; Fowler, M.W. An airlift column bioreactor suitable for large scale cultivation of plant cell suspensions. J.
Exp. Bot. 1984, 35, 531–537.

52. Attree, S.M.; Pomery, M.K.; Fowke, L.C. Production of vigorous, desiccation tolerant white spruce [Picea glauca
(Moench.) Voss.] synthetic seeds in a bioreactor. Plant Cell Rep. 1994, 13, 601–606.

53. Tautorus, T.E.; Dunstan, D.I. Scale up of embryogenic plant suspension cultures in bioreactors. In Somatic
Embryogenesis in Woody Plants; Jain, M., Gupta, P.K., Newton, R.J., Eds.; Kluwer Academy Publication: Dordrecht,
The Netherlands, 1995; Volume 1, pp. 265–269.

54. Leifert, C.; Murphy, K.P.; Lumsden, P.J. Mineral and carbohydrate nutrition of plant cell and tissue cultures. Crit. Rev.
Plant Sci. 1995, 14, 83–109.

55. Robert, M.L.; Herrera-Herrera, J.L.; Herrera-Herrera, G.; Herrera Alamillo, M.A.; Fuentes-Carrillo, P. A new temporary
immersion bioreactor system for micropropagation. Methods Mol. Biol. 2006, 318, 121–129.

56. Shaik, S.; Dewir, Y.H.; Singh, N.; Nicholas, A. Micropropagation and bioreactor studies of the medicinally important
plant Lessertia (Sutherlandia) frutescens L. S. Afr. J. Bot. 2010. 76, 180–186.

57. Hakkaart, F.A.; Versluijs, J.M. Some factors affecting glassiness in carnation meristem tip cultures. Neth. J. Plant
Pathol. 1983, 89, 7–53.

58. John, A. Vitrification in Sitka spruce cultures. In Plant Tissue Culture and its Agricultural Applications; Withers, L.,
Alderson, P.G., Eds.; Butterworth: London, UK, 1986; pp. 167–174.

59. Densco, I. Factors influencing vitrification of carnation and conifers. Acta Hortic. 1987, 212, 167–176.

60. Kerers, C.; Prat, R.; Gaspar, T.H. Vitrification of carnation in vitro: Changes in the cell wall mechanical properties,
cellulose and lignin content. Plant Growth Regul. 1987, 5, 59–66.

61. Debergh, P.; Aitken-Christie, J.; Cohen, D.; Grout, B.; Von Arnold, S.; Zimmerman, R.; Ziv, M. Reconsideration of the
term vitrification as used in micropropagation. Plant Cell Tissue Org. Cult. 1992, 30, 140–165.

62. Debergh, P.; Harbaoui, Y.; Lemeur, R. Mass propagation of globe artichoke (Cynara scolymus): Evaluation of different
hypotheses to overcome vitrification with special reference to water potential. Physiol. Plant. 1981, 53, 181–187.

63. Gaspar, T.H.; Kevers, C.; Debergh, P.; Maene, L.; Pâques, M.; Boxus, P. Vitrification: Morphological, physiological, and
ecological aspects. In Cell and Tissue Culture in Forestry Forest Sciences; Bonga, J.M., Durzan, D.J., Eds.; Springer:



Dordrecht, The Netherlands, 1987; Volume 24–26, pp. 152–166.

64. Gupta, P.K.; Timmis, R. Mass propagation of conifer trees in liquid cultures-progress towards commercialization. Plant
Cell Tissue Org. Cult. 2005, 81, 339–346.

65. Rizvi, M.Z.; Kukreja, A.K.; Khanuja, S.P.S. In vitro culture of Chlorophytum borivilianum Sant. et Fernand. in liquid
culture medium as a cost-effective measure. Curr. Sci. 2007, 92, 87–90.

66. Takayama, S. Bioreactors for plant cell tissue and organ cultures. In Fermentation and Biochemical Engineering
Handbook, 2nd ed.; Vogel, H.C., Todaro, C.L., Eds.; Noyes Publications: Westwood, NJ, USA, 1997; pp. 46–70.

67. Takayama, S. Bioreactors, Airlift. In The Encyclopedia of Cell Technology; Spier, R.E., Griffiths, B., Scragg, A.H., Eds.;
John Wiley and Sons, Inc.: New York, NY, USA, 2000; Volume 2, pp. 201–218.

68. Takayama, S.; Misawa, M. Mass propagation of Begonia hiemalis plantlet by shake culture. Plant Cell Physiol. 1981,
22, 461–467.

69. Ziv, M. Bioreactor technology for plant micropropagation. Hortic Rev. 2000, 24, 1–30.

70. Paek, K.Y.; Chakrabarty, D.; Hahn, E.J. Application of bioreactor systems for large scale production of horticultural and
medicinal plants. In Liquid Culture Systems for In Vitro Plant Propagation; Hvoslef-Eide, A.K., Preil, W., Eds.; Springer:
Dordrecht, The Netherlands, 2005; pp. 95–116.

71. Debnath, S.C. Adventitious shoot regeneration in a bioreactor system and EST-PCR based clonal fidelity in lowbush
blueberry (Vaccinium angustifolium Ait.). Sci. Hortic. 2011, 128, 124–130.

72. Takayama, S.; Akita, M. The types of bioreactors used for shoots and embryos. Plant Cell Tissue Org. Cult. 1994, 39,
147–156.

73. Ikeda, H. Culture vessel for photoautotrophic cultures. Japanese Patent Kokai Tokyo Koho 60-237984, 1985. (In
Japanese).

74. Inoue, M. Culture instrument for photoautotrophic organisms. Japanese Patent Kokai Tokyo Koho 59-21682, 1984. (In
Japanese).

75. Arigundam, U.; Variyath, A.M.; Yaw, L.S.; Marshall, D.; Debnath, S.C. Liquid culture for efficient in vitro propagation of
adventitious shoots in wild Vaccinium vitis-idaea ssp. minus (lingonberry) using temporary immersion and stationary
bioreactors. Sci. Hortic. 2020, 264, 1091–1099.

76. Kozai, T. Closed systems for high quality transplants using minimum resources. In Plant Tissue Culture Engineering—
Focus on Biotechnology; Gupta, S.D., Ibaraki, Y., Eds.; Springer: Dordrecht, The Netherlands, 2008; Volume 6, pp.
275–312.

77. Alvard, D.; Cote, F.; Teisson, C. Comparison of methods of liquid medium culture for banana micropropagation: Effects
of temporary immersion of explants. Plant Cell Tissue Org. Cult. 1993, 32, 55–60.

78. Hanhineva, K.; Kokko, H.; Käarenlampi, S. Shoot regeneration from leaf explants (Fragaria x Ananassa) cultivars in
temporary immersion bioreactor system. In Vitro Cell. Dev. Biol. Plant. 2005, 41, 826–831.

79. Jo, U.A.; Murphy, N.H.; Hahn, E.J.; Paek, K.Y. Micropropagation of Alocasia amazonica using semisolid and liquid
cultures. In Vitro Cell. Dev. Biol. Plant. 2008, 44, 26–32.

80. Stanly, C.; Bhatt, A.; Keng, C.L. A comparative study of Curcuma sedoaria and Zingiber zerumbet plantlet production
using different micropropagation systems. Afr. J. Biotechnol. 2010, 9, 4326–4333.

81. Debnath, S.C. Characteristics of strawberry plants propagated by in vitro bioreactor culture and ex vitro propagation
method. Eng. Life Sci. 2009, 9, 239–246.

82. Dey, S. Cost-effective mass cloning of plants in liquid media using a novel Growtek bioreactor. In Liquid Culture
Systems for In Vitro Plant Propagation; Hvoslef-Eide, A.K., Preil, W., Eds.; Springer: Dordrecht, The Netherlands, 2005;
pp. 127–141.

Retrieved from https://encyclopedia.pub/entry/history/show/25223


